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Abstract

We sampled fish during the summer of 1999, in Caney Bayou on the campus of the University of Arkansas at Pine Bluff,
Jefferson County, in order to study the feeding relationship between the western mosquitofish {Gambusia ajfinis) and the
blackspotted topminnow {Fundulus olivaceus). We identified and enumerated the diet items of 56 blackspotted topminnows and
28 mosquitofish that were captured using electroshocking, seining, and dipnetting. Pooled diet items for each species were analyzed using a variety of approaches: percent ofdiet composition, frequency of occurrence, Levins' measure of diet breadth, and
Morisita's measure of diet overlap. Twenty-one percent of mosquitofish and 8.9% of the blackspotted topminnow had empty
stomachs. The mean number ofindividual prey items in mosquitofish stomachs was 2.5 (SD = 2.1), while the mean number of
items for blackspotted topininnows was 72.5 (SD = 118.68). Detritus (37%), terrestrial insects (34%) and chironomids (16%) were
the three major components of the western mosquitofish diet. Cladocerans comprised 96% of the blackspotted topminnow
diets. The diet breadth for the western mosquitofish (0.51) was relatively broad compared to the blackspotted topminnow
(0.01). Diet overlap between these species was low (0.01).

Introduction
The western mosquitofish {Gambusia ajfinis) and
blackspotted topminnow, Fundulus olivaceus are small surface-oriented fishes with relatively large eyes and terminally
superior mouths. Both species are commonly found
throughout Arkansas and co-occur in the same habitats in
many of the same bodies of water (i.e. syntopic). Given these
similarities, one might expect similar feeding relations
between these species. Alternatively, similar species frequently partition available food resources (Begon et al.
1990). Although information exists on the diets of these
species, we know of no studies directly comparing the diets
of these morphologically similar species. In this paper, we
address the issue of diet overlap between blackspotted topminnows and mosquitofish.
The mosquitofish is the only livebearing fish species in
Arkansas. Females reach a maximum length of 7.1 cm and
males grow up to 3.1 cm (Miller and Robison, 1973).
Mosquitofish are found throughout Arkansas in swamps,
ponds, ditches, streams, rivers, and lakes, but they are most
abundant in shallow, vegetated pools with little current.
Mosquitofish remain at the surface in groups or schools.
Although mosquitofish are native to Arkansas, they have

been introduced worldwide for controlling mosquito populations. Mosquitofish are surface feeders and eat a variety of
terrestrial and aquatic insects, crustaceans, and other invertebrates (Robison and Buchanan, 1988). Mosquitofish are
unique when compared to other Arkansas fishes because
they store sperm, fertilize internally, and bear live young.
The blackspotted topminnow commonly grows to 5.1 to
8.9 cm long and to a maximum of about 9.7 cm (Miller and
Robison, 1973). Blackspotted topininnows are found in
creeks, large rivers, impoundments, and oxbow lakes
throughout Arkansas. However, they are most abundant in
clear upland waters, pools, and along margins near emergent vegetation (Robison and Buchanan, 1988). They are
surface feeders and about half of their diet consists of terrestrial insects and crustaceans (Thomerson and Woolridge,
1970). Females deposit eggs singly on algae or other submerged vegetation.
Although mosquitofish and blackspotted topminnows
are similar in many ways, differences also exist. Both species
prefer low-current areas and have wide ecological tolerances. However, unlike the blackspotted topminnow, mosquitofish consume plant material (Robison and Buchanan,
1988). Additionally, the blackspotted topininnow is more
common in quiet backwaters and clear upland streams than
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turbid lowland waters, which it is reported to avoid
(Robison and Buchanan, 1988). By contrast, mosquitofish
prefer turbid waters (Robison and Buchanan, 1988).
The objective of this study is to understand the feeding
relationships between the blackspotted topminnow and the
mosquitofish. In this study we characterized and compared
the diets of mosquitofish and blackspotted topminnows
using the number of diet items.

Diet Analysis
We characterized diet composition of pooled diet items
using the percent number of diet items, diet breadth, and
diet overlap. We measured diet breadth with Levin's measure, calculated as

-*

Materials and Methods
We sampled fish in Caney Bayou, an Arkansas River
tributary, on the campus of the University of Arkansas at
Pine Bluff (UAPB) in Jefferson County, Arkansas. The
stream is located near the north end of the UAPB campus
and Arkansas State Highway 79. Itis a low gradient stream
with modest to high turbidity. Fishes were sampled at two
locations about a 0.8 km apart and composed mostly of pool
habitat. Site one was located near the fish hatchery; whereas, site two was located near the new UAPB football stadium, which is about 0.2 km upstream from Highway 79. At
the time of sampling, water at both locations was very turbid withlow stream discharge.
We sampled fish on four separate days during the summer of 1999, two days at site one and two days at site two,
and each episode lasted approximately two hours. Site one
was sampled on July 8th and July 13th, and site two was
sampled on August 4th and August 5 th. Sampling commenced between 09:00 and 10:00 AM for all sampling
episodes. Stream discharge was at base flow on all days
except July 8th when discharge was slightly elevated due to
rain the previous day.
We captured fish using electroshocking, seining, and
dipnetting. Most fish were captured by seining because it
was the most effective technique. After capture, the specimens were placed in a bucket of water containing MS-222
to prevent the fish from regurgitating their stomach contents. Fish were fixed in 10% formalin for two days. The fish
were then rinsed and soaked in water repeatedly to remove
the formalin, then placed in 70% ethyl alcohol for preservation.

Each fish was measured for total length (TL). Stomachs
(i.e. foreguts) were dissected and opened so that each diet
item could be removed and identified. The diet items were
placed under a dissecting microscope, identified, enumerated, and stored in labeled vials. Diet items were categorized
to what we considered to be a biologically meaningful level.
Diet categories were algae, aquatic coleopteran, arachnid,
larval and adult chironomid, cladoceran, larval and adult
culicid,detritus, adult dipteran (other than chironomids and
culicids), gastropod (snails), ostracod, and terrestrial insect.
Nonidentifiable items were separated into terrestrial-based
and completely unidentifiable.

where B =Levins' measure of niche breadth
p: = Proportion of items in the diet that are of diet
category j
Values generated from this equation ranged from one to the
total number of diet categories for a species. To make diet
breadths comparable between species diet breadth was standardized to express on a scale from zero to one by using the
following equation (Krebs, 1989):
"
R- B 1
B = Levin's measure of niche breadth
n =number of possible diet categories
We used the Simplified Morisita's overlap index (Krebs,
1989) as a measure of diet overlap.

2I(^ik)
CH =Simplified Morisita index of overlap (Krebs, 1989)
between species jand species k.
=
Plj Proportion of diet category iis of the total number
of diet items used by species j.
pik= Proportion ofdiet category * is of the total number
of diet items used by species k.
n = total number of diet categories
Frequency of occurrence was used to measure the proportion of individuals containing at least one prey item in a
given diet category. Detritus was enumerated by assigning a
number from 1-4 for each fish. A "1" was assigned to stomachs with trace amounts of detritus present and a stomach
fullof detritus was given a value of "4". Values of "2" and
"3" were assigned to stomachs about 1/2 and 3/4 full of
detritus, respectively. Although this scheme was somewhat
arbitrary, we chose itto make the amount ofdetritus as close
as possible to the volume of large terrestrial insects found in
these fishes stomach. This strategy allowed us to avoid
making detritus more important than the largest potential
prey items.
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Results

Twenty-eight mosquitofish (mean TL 35 mm, SD 6.8
mm) and 56 blackspotted topminnows (mean TL 40 mm,
SD 6.3 mm) were collected and used for analyses. Twentyone percent of mosquitofish and 8.9% of the blackspotted
topminnow had empty stomachs. The mean number of
individual diet items in mosquitofish stomachs was 2.5 (SD
= 2.1),
and 72.5 (SD = 118.68) for blackspotted topininnows.
Diet composition of these two species differed (Fig. 1).
Detritus (37%), terrestrial insects (34%), and chironomids
(16%) were the three major components of mosquitofish
diets (Fig. 1A). Cladocerans made up 96% of blackspotted
topminnow diets (Fig. IB).
Diet breadth of mosquitofish was 0.51, but only 0.01 for
blackspotted topininnows. The overlap value between the
mosquitofish and blackspotted topminnows was 0.01, indicating dissimilar diets. According to frequency of occur-

J. Pert

rence analysis (Table 1), 44% of mosquitofish contained terrestrial insects and 40% contained detritus. The frequency of
occurrence analysis indicated that terrestrial insects and
cladocera were the most important diet items for blackspotted topminnows with 45% of blackspotted topminnows containing cladocera and 43% containing terrestrial insects. A
small percentage of both species' stomachs contained algae,
coleopterans, chironomids, adult dipterans, adult culicids,
and arachnids.

Table 1. Percent frequency of occurrence of diet items for

blackspotted topininnows (B. S. Topminnow) and mosquitofish collected in July and August, 1999 in Caney Bayou,
to adult and (L) refers
to larvae.

Jefferson County, Arkansas. (A) refers
Diet Category
Algae
Coleopteran
Chironomidae
Cladoceran
Detritus
Dipteran (A)
Culicid (A)
Culicid (L)
Ostracod

B.S. Topininnow Mosquitofish
5

0

7
29
45
11

2
16
0

0

Gastropod

2
0
9
2

Arachnid
Terrestrial insect

5
43

40
4
4

21
0
0
4
44

Discussion

Fig. 1. Diet Composition of mosquitofish (A) and blackspotted topminnow (B) collected in July and August, 1999 in
Caney Bayou, Jefferson County, Arkansas. Inthe legend (A)
refers to adult and (L) refers to larvae.

We found that blackspotted topininnows and mosquitofish had dissimilar diets, and therefore were partitioning
much of the food resources in Caney Bayou. There was a
large difference in frequency of occurrence of various prey
items between these two species. Blackspotted topminnows
had a narrower diet breadth than mosquitofish and diet
overlap between these species was low.
Etnier and Starnes (1993) indicated that mosquitofish
ingest a wide range of terrestrial and aquatic insects, crustaceans, and other invertebrates. We also found that mosquitofish consume a wide range of similar prey items.
In general, diet items that we found in the blackspotted
topininnow were similar to those found by Thomerson and
Wooldrige (1970) and Rice (1942), who found that terrestrial insects were important prey items. Although terrestrial
insects did not make up a large percent (by number) of their
diet due to numerous cladocerans, terrestrial insects probably were important in terms of caloric content because they
were much larger than cladocerans. Additionally, the impor-
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tance of terrestrial insects is reflected in the 43% frequency
of occurrence in blackspotted topminnows.
Many factors could have influenced the amount and
type of food found in the stomachs of mosquitofish and the
blackspotted topminnow. For example, we only sampled
fish during late morning and early afternoon of July and
August. These fish may feed differently at different times of
the day and year. A more thorough diet analysis should
include sampling throughout the year at different times of
the day. Also, consideration of diet item weight and volume
would affect our results. The diet items in this study were
enumerated. The importance of cladocerans would decline
if we evaluated diets by volume or weight because cladocerans were very small relative to most of the other diet
items. Despite these factors, it is striking that cladocerans
comprised a large portion of the diets of blackspotted topminnows while no cladocerans were observed in mosquitofish stomachs.
It is possible that our sampling methodology may have
affected the results. We electroshocked and seined fish.
Seining was the most effective method for capturing fish. If
seining selected for a specific type of individual fish that had
different diet characteristics than fish captured by electroshocking or other means of capture, then our results may
be somewhat biased. However, we do not believe that this
had serious effects on our results because we sampled a variety of habitat types.
There are some possible reasons why these morphologically similar species have dissimilar diets. These species
may participate in interactive segregation. We casually
observed that blackspotted topminnows were found more
commonly in the middle of the stream and mosquitofish
were found near the stream bank. These species may have
been consuming the most abundant available prey in those
habitats. There may have been mostly Cladocera available
in the mid-channel because cladocerans were found primarily in blackspotted topminnows. By the same token, there
may have been a wider variety of potential food items in the
areas where the mosquitofish were captured because that is
what we found in their diet. Alternatively, these fishes may
target different types of prey when living syntopically in
order to reduce competition for food.
Itis interesting that we found that the blackspotted topminnow and mosquitofish, which are so morphologically
similar, had such different food habits. Many reasons may
contribute to these findings and further study willbe needed to clarify the reasons for the observed differences in food
habits.
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